Significant progression of coronary artery disease was seen in 52% of subjects studied by selective cinearteriography at intervals between 2 and 75 months (average 23.8). Subsequent progression, although confined to proximal areas, was independent of overall severity of initial disease or previous disease at the site of progression and occurred frequently in previously normal vessels. Plasma lipid abnormalities and myocardial lactate production at the time of the initial study were Coronary arteriography permits a precise anatomic description of the morphology, distribution, and severity of any significant atherosclerotic lesions present.4, 5 A constellation of clinical and metabolic abnormalities, often termed risk factors,-9 has been related to the incidence1012 and to
the severity'3 14 of the accompanying arteriographic abnormalities. The subsequent mortality has been correlated with the severity of the initial arteriographic lesion. 15 16 There is little information available, however, concerning the changes in arteriographic appearance with time or the possible value various clinical and metabolic parameters may have in predicting the rate and probability of subsequent atherosclerotic or thrombotic progression as judged by arteriography. This knowledge assumes vital practical importance in the selection and evaluation of any proposed dietary, pharmacologic, or surgical interventions and in the assessment of long-term results of therapy.
Coronary arteriography was performed repetitively at different times in the life course of a group of patients with continuing cardiac svmptoms. This provided an opportunity to relate evidence of change or progression in the arteriographic findings to the various manifestationis of the disease.
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this sttudv to indicazte any detectable encroachment on the arterial luimen whether due to chanige in or disrulption of an athieroma or due to local thrombosis.
Ex idence of disease included the clinical presentation, interval cardiovascul ar hiistory, resting and postexercise electrocardiogram, anid the laboratory assessmenit of carbohydrate, lipid, anid myocardial lactate metabolism. Finially, the characteristics of the initial arteriogram predictive of subsequent progression were examined.
Case Material and Methods Seventy-three patienits form the basis of this sttuldy. Eachhlad had coronarv aiteriography on at least two occasions. In 18 patients, one of the studies was d(one in anotler labor-atoryv, btut in every in-stanice the arteriograms were available for rieviexv. Only patients wvere inclided whose sttudies were judged to be of good radiographic quality, with all thlree major vessels visualized in multiple projecbticons. These patien-ts represent a selected grotup ini that they h-ave sturvived the initerval between stuidies and in all cases had continulted svmptoms of chest painl.
The major reasons for reconisideration for initerval coroinarv arteriography weie: the advent of other forms of treatment (27 In the general population the incidence of the various manifestations of coronary heart disease increases with age,2' but in this group age at the time of the initial study was unrelated to progression ( fig. 3 ). Figure 4 depicts the lack of relationship of time between studies and the occurrence of progression. The average interval between studies was 23.8 months.
Four of 15 female patients and 34 of 58 male patients exhibited progression. The difference in incidence of progression between the sexes was significant only at the P < 0.06 level.
Smoking habit (one half pack per day for more than 1 year) and family history (manifest coronary artery disease in parent or sibling before the age of 60 years) were not significantly associated with progression (table 1).
The incidence of obesity (defined as body weight 20% above ideal weight) (six patients) and hypertension (defined as an admission diastolic blood pressure '-100, or treatment in the past for hypertension) ( Figure 3 Age at initial study in relation to progression of coronary atherosclerosis (see text). The difference in prevalence of progression between the fourth and fifth decades did not achieve significance (P < 0.08). PROGRESSION Figure 4 Interval between arteriographic studies in relation to progression of coronary atherosclerosis (see text).
Resting and Postexercise Electrocardiograms
The initial resting and postexercise electrocardiograms, although often abnormal, were not predictive of subsequent progression. The resting electrocardiogram at the time of subsequent arteriographic study was not predictive of progression except when it confirmed already documented interval myocardial infarction.
Lipid Abnormalities
Hyperlipidemia correlated significantly with progression of atherosclerosis (fig. 5; P < 0.01). An abnormal lipid pattern was present in all of the patients with progression at more than one site, in 12 of the 15 patients with interval myocardial infarction, and in 13 of the 15 patients with progression in vessels normal at prior angiography ( fig. 6 ). The subgroups were too small to permit significant correlations between the severity of the lipid abnormality and progression.
Glucose Tolerance
Either an abnormal fasting plasma glucose or the results of a glucose tolerance test were available in Interval changes in serum cholesterol in relation to progression of coronary atherosclerosis. Twenty-three patients (11 with and 12 without progression) exhibited little or no change in cholesterol (±10%). Twenty-four patients had a reduction in cholesterol (25% or more), 16 of whom showed further progression of atherosclerosis.
production with isoproterenol or pacing stress was significantly predictive of subsequent progression ( fig. 10) . A lipid abnormiality or lactate production, or both, were present in 33 of the 38 patients with progression and in only 14 of the 35 patients without progression.
Arteriographic Analysis
The severity of initial disease as represented by the arteriographic score was in part related to progression ( fig. 11 ). Patients with intermediate scores had significantly more progression than those with low scores (P <0.01). The site of subsequent progression was not more prevalent in any one of the three major vessels as compared to the others ( fig. 12) . Progression occurred at the site of previous disease in only 29 of the 50 instances ( fig. 13 ). In the remainder, progression occurred in previously normal areas of diseased vessels or in vessels normal at previous angiography. Although progression was not found more at any particular locale in a vessel than another, it was present with but one exception in the proximal areas of known predilection.22
Coronary Collateral Circulation
Collateral blood vessels did not increase or appear in the interval between studies unless accompanied by an increase in the severity of local disease. In vessels already diseased, progression developed in 10 with preexisting collaterals and in 26 without evidence of collaterals. These data indicate that clinical symptoms and interval course are not predictive of progression. The surgical approaches to coronary heart disease are predicated on a precise anatomic description of the pathology present. These data emphasize that the interval between angiography and surgery should be as short as possible in order to avoid an inadequate or misdirected procedure.
Despite numerous episodes of prolonged pain and transitory electrocardiographic changes, the degree and distribution of the atherosclerotic lesions may remain unchanged. This suggests that at least some of the episodes often characterized as coronary insufficiency2' or intermediate syndrome23 are not necessarily dependent on detectable or persistent alterations in coronary anatomic pathology. Severe symptoms may be compatible with survival and angiographic stability but death following myocardial infarction also occurs in the absence of acute obstruction22 or altered anatomy.4 24 In contrast, 14 of 15 patients surviving an interval myocardial infarction had evident progression at subsequent angiography. Although often assumed, there is no certain evidence that arteriographic progression demonstrated at some later time necessarily preceded or was causally related to an interval infarction. It is possible that nonlethal infarctions occur with unchanged arterial lesions and that following the infarction the vessel is occluded by thrombus. Progression often occurred without electrocardiographic change, but in agreement with the recent Framingham report25 there were no asymptomatic infarctions in these patients with known coronary heart disease.
Lipid Abnormalities
The association between the various forms of hyperlipidemia and an increased risk of coronary heart disease has been well documented in pathologic,26 epidemiologic,27 and angiographic studies.28 The present study extends this association to the incidence of progression of coronary arterial obstruction. Not only is progression more frequent but it is more severe. Twelve of the 15 patients with interval infarction had abnormal lipids. The observed progression was also more extensive. All of the patients with progression at more than one site and 13 Diabetes mellitus and abnormal glucose tolerance are well-known precursors of coronary atherosclerosis. As might be anticipated, abnormal glucose tolerance was found more frequently in patients exhibiting progression than in those who did not. The difference in incidence between the two groups, however, was not as striking as that for abnormal plasma lipids and did not achieve statistical significance.
Myocardial Lactate Metabolism
It is well established that myocardial lactate production in coronary heart disease reflects glycolysis and tissue ischemia. Zonal abnormalities of myocardial lactate metabolism are closely correlated with arteriographic abnormalities, and the agreement increases with extent of disease.36 The significant association between lactate production and arteriographic progression is subject to question for several reasons. Lactate metabolism was studied at the initial examination in only 38 of the 73 patients. Thus patient selection may have been biased. This appears unlikely since 10 of the patients without initial lactate studies were initially evaluated at other centers and the remaining patients were almost evenly divided, between 13 with and 12 without progression. As in previous studies, abnormal lactate metabolism was more frequent in multiple-vessel disease,36 but in the group as a whole initial arteriographic score was not significantly correlated with subsequent progression.
Abnormal lactate metabolism may delineate from the group with severe disease a subset in whom lesions are unstable or myocardial blood supply is marginal, for whom revascularization is particularly indicated. The assessment of myocardial lactate metabolism appears to contribute an additional prognostic dimension to the evaluation of patients with ischemic heart disease.
Arteriographic Analysis
The severity, location, and morphology of initial obstructive arterial disease were not predictive of subsequent progression in patients surviving and available for serial study. Pathologic2 20, 379 and arteriographic40 studies have stressed the predilection of atherosclerosis for proximal areas of the coronary vessels particularly at points of bending and branching. 41 The precise site of progression was unpredictable, but in 49 of the 50 instances progression occurred at one of the sites of known susceptibility.
Progression frequently evolved at the bifurcations of coronary vessels even when there was no initial evidence by angiography of disease at these sites. The patient who has coronary atherosclerosis with available vulnerable sites and the propensity for progression remains at risk even when these areas are apparently normal. Although unproven, this is probably true even after other sites of disease have been bypassed surgically. This suggests that there may be an advantage to placing the bypass anastomosis as distal as possible on the coronary vessel. Whether this modification of anatomy and hemodynamics will uncover new sites of vulnerability can currently only be speculative.
PROGRESSION OF CAD
coronary heart disease has been the subject of extensive investigation and controversy,4244 but the traditional concept of a protective and nutrient function4547 has recently been questioned.4840
Appearance of new collateral vessels on the interval angiogram was always associated with a local increase in the severity of disease and never appeared de novo even in patients with extensive but stable disease. Subsequent progression occurred more frequently in vessels in which collaterals were absent on initial examination than in those with collaterals (10 vs 26) .
The reason that absence of collaterals "favors" progression is unclear. Absence of collaterals perhaps identifies that a given lesion is causing hydraulically insignificant obstruction. Thus, progression may occur more readily in a moderately obstructed area of disease than at a site which is severely stenosed.
Prognosis
Severity of disease on initial angiographic examination has been clearly related to prognosis. 15 When progression was not found on interval examination, however, no deaths eventuated during an average follow-up period of 48 months even in the presence of significant disease. Progression was unrelated to the time interval between studies, indicating that rate or progression is randomly different in each patient. These data suggest that, in addition to other factors previously delineated, the rate or velocity of progression unique to each patient may be an important determinant of prognosis.
